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(54) Organic electroluminescent display, driving method and pixel circuit thereof 



(57) Disclosed Is an OELD and a pixel circuit which 
comprise: an organic EL element for emitting light cor- 
responding to a supplied current; a first switch for 
switching data voltage supplied to a data line In re- 
sponse to a select signal supplied to a scan line; a first 
TFT for supplying the current to the organic EL element 



in response to the data voltage supplied to a gate of the 

first TFT via the first switch; a secondTFT having a gate 
coupled to the gate of the first TFT and compensating 
for a deviation of athreshold voltage of the first TFT; and 
a capacitor for maintaining the data voltage supplied to 
the gate of the first TFT during a predetermined time. 
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Descr4>tlon 

BACKGROUND OF THE INVENTION 

5 (a) Field of the Invention 
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and a pixel d^tt of tha EL display. More specifically, the present invention relates to an organic EL display (OELdT 
tednving methods andapixeicircuftforcornpensatingfor deviations of the th^^^^^ 
(TFT) and achieving high gray scale display when driving the pixels of the OELD by osingSTFT 

(b) DescrqMion of the Related Art 

B)002J In general the OELD electrically excites fluorescent organic compounds to emit light, and pecfomis voltaae 
dnv^ng or currem driving on a (N x M) number of organic luminescent cells so as to display SnagJi Is sZ^ 

hmiln^onprlses multilayers inciudingan emitting la^^ 

layer (HTL) so as to provide a good balance between the electron concentration Vd vL hole «>SS4SonTe^I 
^ jmproving emitdng efficiency, and It additionally comprises an electron injecting layer (BL) and a te^EhTgC 

SSh Jl!!""*Jr "^^^^ luminescent cells as described above are categorized as a passive matrix 

melhod ar^d an acth« matrix method. The passive matrb, method fomis positive electr^es to be SeWLtoto 
ncgafve electrodes and selects lines and drives them, and the active matrix method connecteW^eT^^rcSS^^ 

[0004J FIG. 2 shows a conventional pixel clieuit for driving an OELD ushg a TFT illustratina a oixel fmm «mn„„ «. 
(NxM)numberofftepixels. Referring to FIG. 2.acurrentdL^ 

w» a switching tan8l8tor(Ma). In this instance, a capacitor C for maintaining the supplied voltage durina loradetw^ 
mined frame period Is coupled between the source and the gate of the current driving ttansSrfiSbrThBLT^*- 

T^^LT, ^ K ^' ^ *° "P^'^'on of the pixel having the above^eserfbed configuration when the tran- 
sistor Ma s turned on by the select signal SelecKn) supplied to the gate of the switching transi^or Ma^heZ voJaae 
W,ssuppliedtothegate(nodsA)ofthBtranalstorMbviaad«a«^^ 

lothegaie. Ihe current flows to the OELD via the transistor Mb to emit light °««voiiagevoftTA supplied 

as I0006I In this Instance, the current that flows to the OELD Is expressed as follows: 

Equation 1 

th« J^i^'^^ !^ *° represents the voltage between the source and 

llCarldTCetrco^^^^^^ 

[0007] As expressed in Equation 1 and according to the pixel circuit as shown In FIG 2 the current con«an«nriin« 
0 me supplied data vo«age V,,,^ Is supplied to the OELD'and In response to th^ 8u5,L^™ S 

SJ^m conventional pixel cincuH to achieve high grayscale because of deviations rttto 

TFT pixete wth data voltage .n the range of 3 volts, two data voltages representing adjacent gray levels meJ be JmJ 
from each other approximate^ by 1 2mV(=3V/256) so as to implement 8^(256) griy BcalTtt^d^^^Z^ 
voltage is100mv.il is difficult to discriminate one data voitai from antrtherwhVrS^ 
SUMMARY OF THE INVENTIOW 
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BRIEF DESCBI PTiON OF THE PHAWiMfta 

FIG. 1 shows a diagram of a general organic EL element; 

FIG I TlllTTT"^' pixel Circuit for driving the organic EL element; 
FIG. 3 shows a timing diagram ef tor the conventional pixel circuit- 

FIG. 4 Shows en OELD device according to a preferred embodiment ol the presort invention- 
FIS. 5 Shows a pixe circuit according to a pmferred embodlmert of the pr^^Z^Z 
FIG. 6 Shows a pixel cjrcurt according to a first preferred emtxxilment of tt,e presemlSton- 

c ? o , ? « embodiment of Je prosenHmSion- 

FIG8^8(a) and 8(b) show «mlng diag^ms for the pixel dnjult as shown™ FIG 6^ 
FIG. 9 shows a timing diagram for the pixel circuit as shown in FIG 7- 

Fii ^°1!«^TnH^^^»' T^^'.^^^B ^ « th W p,«fen«d emtodlmem of the present invention- 

',1 ihir. « r'"^ *«9ram8 for the pixel circuit as shown in FIG. 10; 

Fie II ^ « P'^^'^ embodiment of the present invention- 

F e ? S ^ ^ , "'^^ "^"""9 '° " embodiment of the present invrion 

FIG. 4 hows a p,xe arcu* according to a sbrth preferrad embodiment of the presem iZS; 

FIGS 16 and 17 r T"""^ '° " "^^^ "'^^'^ embodiment of tSe presemSon- 
F r ,1 .r , """^ '^^^ pixel clraiit as shown in FIGs. 14 and 15- 

F G \l Til I ^ > '"^"l *° ^ ''S^* embodiment of the present Invention- 

■ F igL 1T» r .T" '^"''"^ *° " P'^'^^" e^bod^ent of the prLnt invS 
^ 3';;5-^'*°'««'«>'°'««''«"-9«n'cELelemen,accordingtothepreferredem^^^^^^ 

FIG. 21 shows a cross sectional view of FIG. 20 with respect to a line A-B. 
DETAILED DESCRIPTIOM O F THE PREFERRgp EMBODIMENTS 

.nventK>n. Acco^ingly, the drawings and description are to be regarded'Ss'^.S^i^Cl^^^^^^ 



JO 



55 



xicitt <ep__i2aoi»iA2j_> 



EP1 220191 A2 



. f ««°"«"9 to a preferred embodiment of the present invention 

™ 2 J*^*Sr'-^*°^,'-°~"'P^«««"OELD panel 10; a data driver 30; and a scanning driver 20. 
pwi 8] The OELD panel io comprises a plurality of data ttnes D1 to Dy for transmitting data voltages for displavina 
image signals; scan l^es SI to Sz for transmitting select signals; and a pixel cUcuit 11 fomied on eS. o a piS 
of ptoels sunrounded by the data lines and the scan lines. Plurality 

P0191 ThedatadriverSOsuppliesthedata voltage for dispiaylngt 

drhrer 20 sequentlally supplies the select signals to the scan lines <ne scanning 

S '"""^ ^"^'"9 '° P'^'^"*** embodiment of the present invention 

l^ll ^ ^^r' f"^*' ^ ' comprises an OELD, TFTs IM1 and MZ. switches SI and S2. and a capacitor CI 

ZTl^Tr """^f • ""Pte** to the OEU). and euppfles the current corresponding to t^^ 

data voltage which is provided to a gate of the transistor Ml via the data Une to the OELD 

P028J The transistor M2 has a gatecoupied to the gate of the transistor Ml . and the gate and a drain of the transistor 
M2 ^ coupled to function as a diode, and the transistor M2 compensates for deviaSs of the ZS^S^^ 
JetransistorMI forsupplying the cunent. According to th^ 

in NMOS type TFTs to be subsequently described. »«>Miau«oa 
[0024] The capacitor CI . coupled between the power votage VDD and the gate of the transistor Ml maintains the 
^j;'"t^""PP»e«*tothegateofthetranslstorM1 during a predetemiined frame period ^e 
tVT. t I responsive to the select signal Select[n] supplied by the scan One and transmits 

he data voltage supplied to the data One to the current driving transistor Ml ^a the Lsi^r mS Ce 
initializes the gate voltage of the transistor Ml in response to a reset signal 

IS. ^ '^"^ *° embodiment as shown in FIG. s wlO now be de- 

55 10027] When the switch SI is turned on according to the select signal Select[n] supplied to the switch SI the data 
vjjage ^supplied to the data line is supplied to the gate (node A) of the drling trXrMTI thei^^SS 

I!f■to'l«^^ "'^''^■"^'^"^^^^^ 

[0028] In this instance, the current flowing to the OELD Is expressed as follows: 
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Equation 2 

35 

Where Ioeld represents the curreht flowing to the OELD. Vqc represents the voltage between the soiir«. «nrf 

transistor. Ml and M2 are manufactured under almost Identical process condiUons. the devilt^e .hreThiS 
voltage, of the two transWora are minimal, and aeeordingly. the threshold voltage, b;^^ 

49 Equation 3 

Z ="^^"'.«'^^P°"'""9 to the data voltage supplied to the data line without relation toTtSoW 
old voitage ofmecurren dnvi^ 

and accordingly, the OELD with high gray scale is provided. mowing loineotLD. 

« ESI'.. When the data during a previous frame period is a high level voltage and the data of a subsequent frame 
Period is a ow level voltage, no more data signal can be supplied to the node A because of diode (inSon chVrS 
1«H„? 1^ '^T": ""f -. ^2 may be provided to initialize the nodeTf?e?tae^S^ 

period With a predetemiined level (e.g.. a ground level). In this Instance, the switch S2 can be drivenranTddttto^ 
reset signal or by a just previous select signal SetecHn-l 1 to increase an aperture ratio of pbceisTlJe OElS 
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of RG.5. "™^"™°Stfansi5torsM3andM4lnthelikemannerofthepixeldrcuit 

'<» •'riving m«Jd.ho1^?Fr8?5.Xr^^^^ 

sel«:t signal »,d th. data signal <" ««ter of the nnat signal, the 

a^ndir^atSirX^^^^^^ 

pixel. A data signal Data[mJ is suppliedShe s^^Jl^Tll '.'"ff ^^^'^ corrasponding 
« M1>"tWsinsm„ca.thaLLmtS2^^'£rolSt^^^^ 

10037] ThepixelclrcultforusinQtha exfamT«^t ci^or I ^ ^ is expressed in Equation 3. 

(2«nt.nc^,edrK«n using ti;t;X^^^^^^ 

the driving method shown In m^^ ^^^ t^STS^^ Sft**?* 

the data signal and the select signal ^ "'^^^ trBns\8toia m order of the raset signal. 

CpLc£irrXt?tts"^n^^^^ 

that the gate Of the transbtor M4!sTudK?JZJ! ^"if^ *° °' "G- « except 

prafened embodimem usrthe seSJ^°i^^^^^ S^Z ^ ''"^ "'^ 

the signals must t» sMppS to thVr^S^ 
slgnalandthepresantSle«s7gni?^^heS^^^^ 
signal Selectfnj is supplied to tSe seance ^ 

^^*3.Xher.o...eselectslgL,m?st.es::;r^^^^^^ 

S!S^Gs"i(:;a^?r^^^^^^^^ 

«> circuit according to the thrdp,»feTe?e^^^^^ 10. As shown In FIG. lO.thepixe 

to mom M a» pixM ctoiK of FIG! e and 7 «~ni ST.^?^ "to*™!* has a comguiatlon ahna MMcsl 
ma arain of tl.a t™.(alo, M4. ShSL^S^5?ii"J?^f ^T' ""^^ '"^ to 

j.^^.,.i.ca„aap.„rr:«."JX°»^ii2^?r^^^^ 

iftoaaof ll,apMarate FKSB. 6aS7«^««Z 

.o,««.....a««,..^^r»:srr,rr^rrof^:^;.»:r«^^ 
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reset signal terminal or a previous scan line. 

[00501 As shown, according to the preferred embodiment, the node A can also be initialized via the transistor M4 
coupled to the diode, and when the reset signal or the previous select signal Is used instead of the ground voltage or 
the pre^harge voltage, since additional ground wiring or pre-charge wiring is not needed to be formed, the amount of 
^ wiring Is reduced and the aperture ratio is Increased. 

[00511 F'G. 14 shows a pixel circuit of the OELD according to a sixth preferred embodiment off the present invention 
[0052J As shown, the pUel drcuil according to the sixth pretened embodiment has a configuration almost identical 
to that of the pixel circuit off FIG. 6 except that the NMOS transistor M9 Is used instead of the PMOS type transistor 
M4. An external reset signal is supplied to the gate of the transistor m. 
10 [0053] Referring to FIG. 6, when the switch ingtransistor M4 to which the reset signal is supplied is a PMOS transistor, 
a predetemnined voltage (e.g., the ground level) Is supplied to the gate of the transistor M4 at a reset operation and 
the voltage at the source (node A) of the transistor M4 continues to be decreased because of the reset operation 
Therefore, the voltage Vqs between the gate and the source of the transistor M4 continues to be decreased and the 
cun^nt flowing to the ground or the pre-charge voltage from the node A via the transistor M4 continues to be reduced 
and substantial reset time is required. Also, since the voltage difference between the gate and the source of the tran- 
sistor M4 must be greater than the absolute value of the threshold voltage Vth, when It is assumed that the reset signal 
supplied at the reset operation is the ground voltage, the actual lowest voltage at the node A becomes IVlhl 
[0054] Differing from this, according to the pixel circuit according to the sbcth preferred embodiment, since an mos 
transistor is used for the switching transistor M9. the lowest voltage at the node A that can be achieved Is almost the 
ground level, and accordingly, the range of the data voltage to display gray levels can be widened. Also, since the 
voltage Vqs between the gate and the source of the transistor M9 is constant differing from FIG. 6. the cun-ent flowing 
to the ground or the pre-charge voltage from the node A via the transistor M4 is constant and accordlnolv the reset 
operation can be quiclcly perfomied. .* 
[0055] FIG. 1 6 shows a timing diagram for driving the pixel circuit according to the sixth preferred embodiment As 
shown, since the transistor 1^9 having the gate to which the reset signal is supplied Is an NMOS transistor In the pixel 
circuit according to the sixth preferred embodiment, the reset signal has a waveform opposite to that of the reset signal 
of FIG. 8(a). 

[0056] Since the operation of the pixel circuit of FIG. 14 and the timing diagram of FIG. 16 can be easily understood 
by a skilled person, a repeated description will not be provided. 

[0057] FIG. 1 5 shows a pixel circuit of the OELD according to a seventh preferred embodiment of the present Inven- 
tion, and FIG. 1 7 shows a timing diagram of a driving wavefonm used In FIG. 16. 

[0058] As shown by FIG. 1 5. the pixel circuit according to a seventh preferred embodiment has acohflguration almost 
Identical to that of the pixel circuit of FIG. 14 except that the previous scan line is coupled to the gate of the NMOS 
transistor M9. the previous select signal Select[n.1) is used as a reset signal, and the transistor Ml 0 having the gate 
coupled to the scan line is an NMOS transistor. 
[0059] When the previous select signal coupled to the gate of the NMOS transistor M9 is used as a reset signal the 
transistor for switching the data voltage must be an NMOS transistor ' 
[0060] As shown by FIG . 1 7. since the pixel circuit according to the seventh preferred embodiment resets the node 
A using a previous select signal, the signals must be supplied to the respecth^e transistor in order of the previous select 
signal (reset signal), the data signal and the present select signal. 

[0061] FIGS. 18 and 19 respectively show pixel circuits of the OELD accortiing to eighth and ninth prefen^d embod. 
iments of the present invention. 

[0062] The PMOS transistors and the NMOS transistors of the respective pixel circuits of FIGs, 18 and 1 9 are svm- 
metrically changed with those of the pixel circuits of FIGs. 1 4 and 1 5. 

[0063] Since the operation of the pixel circuits In FIGs. 18 and 19 can be easily understood by a skilled person 
according to the above description, a repeated descrlptfon will not be provided. 

[0064] A layout and a cross sectional view of the OELD according to the preferred embodiment of the present In- 
vention will now be described. 

[0065] FIG. 20 shows a layout of the OELD, and more precisely, a layout of the pixel circuit of FIG 13 
[0066] FIG. 21 shows a cross sectional view of FIG. 20 with respect to the line A-B 

[?o^o .^f^""!"? • '®9ions 1. II. Ill and V respectively define the regions for fomiing the TFTs 

MS, M2, M1 and M4 thereon, and the region IV for fomiing the OELD thereon. 

[0068] As shown in FIGs. 20 and 21 . a polycrystaiiine siIicon(poly.SI) layer 200 Is formed on a transparent Insulation 
substrate 1 00. and a gate insulation layer 300 of SiOa or SINx is fomied thereon, 

[0069J A scan line 400 of Al and Cr is pattemed in the horizontal direction on the gate insulation layer 300 to be 
crossed with the polycrystaiiine silicon layer 200. Gate electrodes 41 0 are respectively formed on portions where the 
scan lines 400 are superimposed with the polycrystaiiine silicon layer 200 In the I and V regions. Also, a finst capacitor 
electrode 450 is pattemed on the same layer with the same material as the scan fine 400. The gate electrodes 410 
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source region 210. becomes a souree electrode 610 In thte in^^ If 'ayerZOO of the region I. that is. the 

source region aiO v. .he contect hole cfr:d on^t,;: ^C^;?^ '""^^ " 

connected to the source region 210 via thecontacrhS^ C1 ' "'^ '^"^ "° 
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Claims 

1 . An organic electroluminescent display (OELD) comprising: 

a plurality of data lines for transmitting data voltages for representing image signals- 
a plurality of scan lines for transmitting select signals; and ' 

rfiT"!f fr^lrl!!^'!!"* ^^"-^ ^^"9 "S** ^-^fisponding to a supplied current; 

a fh« thin film transistor (TFpjor supplying the curmnt to the organic EL element In response to the data 
voltage supplied to a gate of-theflrst TFT via the first switch; srainaoaia 

arapacitor for maintaining the data voltage supplied to the gate of the first TIT during a predetemiined 

3. The OELD of daim 2, wherein the control signal Is an additional external reset signal. 

4. The OELD of claim 2, wherein the control signal Is a select signal of a previous scan line. 

Xuel:^'^"''*"''"'^''^'"*'''^'^'^^'''*'^"^ 

6. The OELD of daim 2, wherein a gate and a drain of the second TFT ate coupled together. 

^' IH! Ilf ^' •''^ '"^^ ^"^^^ *^ ^ third TFT having a gate coupled to the scan line a source for a 

drain) coupled to the data line, and a dmin (or a source) coupled to a souR^e for a d,aln)^he s^"^ a„2 

gate Of the frat TFT andadraln(ora8ource) to whichapredetemilned voltage forarwetttng is suppL. 
a ■^OELDofdaimr.wherolnlheprsdeternnlnedvoltagesupplledtothedralnofthefourthTFTb 

wtege^"" " ^' f^^^ ^"'■g' -"PPlled to the drain of the fourth TFT is a pre^arge 

to oflTnH «» Pr-charge voNage is se, to be marginally less than the mlnknum data voltage 

supplied to the gate of the first TFT so as to represent the maximum gray level. 

11. The OELD of daim 7, wherein the gate and the drain of the fourth TFT are coupled together. 

12. The OELD of daim 7. wherein the first to fourth TFTs have an identical condudive type. 

13. The OELD of claim 7. wherein the first to third TFTs are first conductive type transistors and the fourth TFT is a 
secondconducthre type transistor whid,hasapolarity opposite to that of^e first condu^^^ 

VZ?^ °' ^' ^ ^^""^ TFTs are first conductive type translstore and the third and 

r^l^TF^saresecondcondudh^ 

15. TheOELDofcialml.whereintheflfstandsecondTFTshavealmostldentlcalthresholdvoitages. 

16. TheOELD Of daim IS. Wherein the first and secondTFTs are parallel to the data fine or the scan iine,andfom«d 
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on a same Une. 

17. A nr>ethod for driving an organic electroluminescent display (OELD) Including a plurality of data lines, a plurality of 
scan lines crossing the data lines, and a plurality of matrix type pixels having thin film transistors (TFft) which are 
f orrined In regions defined by the data lines and the scan lines and supply current to organic electroluminescent 
(EL) elements, comprising the steps of: 

supplying a data voltage for representing image signals to the data lines; 
sequentially supplying a select signal for selecting a pixel row to the scan lines- 
switching the da^ voltage supplied to the data lines in response to the select signal, and compensating the 
supplied data voltage to reduce a threshold voltage deviation of the TFT; and 

transmitting the compensated data voltage to a gate of the TFT. and supplying the current to the organic EL 
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18. The method of dalm 17. wherein the method further comprising the step of initializing the data voltage supplied 
to the gate of the TFT In response to a control signal. »uppiiea 

18. The method of daim 18. wherein the control signal is an additfonal external reset signal. 

so 20. The method of dalm 18. wherein the control signal is a select signal of a previous scan line. 

21 . TTie method of dalm 20. wherein the data voltage Is supplied to the data line before the seied signal is supplied 
toine scan line. 

S5 22. An organic electrolurnlnescent display (OELD) pixel drcuit formed on a plurality of pixels defined by a plurality of 
data lines and scan lines, comprising: F«uiamyBi 

an organic eledroluminescent (EL) element; 

a first thin film transistor (TFT) having a drain coupled to the organic EL element- 

a second TFT having a gate coupled to a gate of the first TFT. and the gate and a drain of the second TFT 
being coupled together; . 
a first switch having a control terminal coupled to the scan line, and having a first terminal and a second 
terminal respectively coupled to the data line and a source of the second TFT; and 
a capadtor coupled between the gate and a source of the first TFT. 

23. The pixel cliciHtof daim 22. wheiBin the pixel circuit further comprises a second switch having a control temiinal 
to which aconuoi signal is supplied, aflrst temiinal coupled to the drain of the second TFT. and a second terminal 
to which a predetemilned voltage is supplied. 

24. The pixel drcuit of claim 23. wherein an additional external reset signal Is supplied to the control termlnai of the 
second switch. 

25. The pixel eireult of daim 23. wherein a previous scan line Is coupled to the control terminal of the second s»wteh. 

26. The pUel circuit of claim 23. wherein the firet switch Is a third TFT having a gate coupled to the scan line, a souree 
(or a dram) coupled to the data line, and a drain (or a source) coupled to a source (or a drain) of the second TFT 
and the second switch is a fourth TFT having a gate tor responding to the control signal, a source (or a drain) 
Spited ^ ^ ^ ^" * * Predetonnined voltage for a reset process 

27. The pixel circuit of daim 26. wherein the gate and the drain of the fourth TFT are coupled together. 

28. The pixel drcuit of claim 26, wherein the first to fourth TFTs have an identical conductive type. 

29. The pixel drcuit of daim 26. wherein the first to third TFTs are first condudive type transistors, and the fourth TFT 
is a second condudive type transistor which has a polarity opposite to that of the first condudive type translstore. 

30. The pixel drcuit d daim 26 wherein the firat and second TFTs are first condudive type translstore. and the third 
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and fourth TFTs are second conductive type translstore which have polarity opposite to that of the first conductive 
type transistors. 

31. The pixei circuit of claim 22, wherein the first and second TFTs have almost identical threshold voltages. 

32. The OELD of cialm 3, wherein the first and second TFTs are parallel to the data line or the scan line and formed 
on the same line. ' 
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FIG.2(Prior Art) 
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FIG. 5 
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FIG.6 
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FIG. 7 
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FIG.8A 
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FIG. 12 
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